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I. INTRODUCTION 


Supersymmetry (SUSY) H provides a solution to the gauge hierarchy problem if it 


breaks dynam ically B. However, the general supersym m etric extension of the Standard 
M odel (SM) su ers from the avor changing neutral current (CNC) problem B]. The 
SUSY FCNC should be suppressed by certain speci c m ass pattems of the sleotons and 


squarks. T he sfem ion m ass pattem depends on the underlying physics of SUSY breaking. 


Forexam ple, one ofthe popular choice for the sem ion m assm atrix is the universality in the 


avor space. Such am ass m atrix can be resulted from the gauge m ediated SU SY breaking 


(GM SB) scenario AEn. Here gauge means the SM gauge interactions. Another inspiring 


choice isthatthe rst two generation sfem ions are very heavy around (10 100) TeV where 


the third generation sfém ions are at the weak scale [d]. This kind ofm odel is often refered 


to as e ective SUSY. It can be realized in the GM SB scenario Ph, or in that where an 


anom abus U (1) mediates SU SY breaking Bj. One point in this case is that the rst two 


generations and the third generation are treated di erently. For exam ple, they m aybe in 


di erent representations of som e new gauge interactions m ediating SU SY breaking. 


In this work, we consider a sfem ion m ass pattem which looks opposite to that of the 


e ective SU SY . It is that the rst two generations w ith the sam e chirality are degenerate 


with m asses around the weak scale, and the third generation is super heavy. The SU SY 


FCNC is also suppressed in this case HI] m fact, this pattem is not new. Ik could be 


understood by an U Q) symm etry between the rst two generations in the supergravity 


scenario H]. In this paper an altemative origin of it willbe discussed. W e note that the 


above m ass pattem can be also a result of a supersym m etric topcolor m odel with GM SB. 


Here gauge (G ) means the gauge interactions of the topcolor m odel. 


Topcolorm odels Ed] were proposed fora dynam icalunderstanding ofthe third generation 


IT here are other viable altematives. For exam ple, only the squarks satisfy this m ass pattem, 


while the slepton m ass m atrices follow universality. 


quark m asses. T he basic idea is that the third generation (at least the top quark) undergoes 
a super strong interaction w hich results in a top quark condensation. T he condensation gives 
top quark a large m ass, and the bottom quark mamnly gets its m ass due to the instanton 
e ect ofthe topcolor interactions. T his top quark condensation contributes only a sn allpart 


of the electroweak symmetry breaking EW SB).The H iggs m echanisn m ay be introduced 


for the EW SB. Therefore, the idea of the topcolor can be generalized into SU SY models 


naturally. In the scenario of the GM SB, suppose the strong topcolor gauge interaction 


involves the full third generation, and the rst two generations participate a weaker gauge 


interaction universally, the above described sfem ion m ass pattem w ill be generated. 


Note that the decoupling of the third generation scalars is a consistent choice in the 


Supersym m etric topcolor models. Because the third generation quarks obtain dynam ical 


m asses, the Yukawa couplings are aways sn all. 


The whole physical picture is like as follow s. At the energy scale about 10° GeV , SU SY 


breaking occurs in a secluded sector. It is m ediated to the observable sector through the 


gauge interactions. T he scale of the m essengers is around 10’ GeV . The topoolor scale is 


around (1 10) TeV .Below this sak, the gauge sym m etries break into that ofthe SM .The 


resultant sparticle spectrum of the observable sector is the follow ing. Besides the squarks, 
the gauginos ofthe super strong interaction are around 100 TeV . T he gauginos ofthe weaker 


gauge interaction are at about the weak scale. The H iggs bosons for the topcolor sym m etry 


breaking are as heavy as 100 TeV, and the Higgs bosons for the EW SB at the weak scale. 
By integrating out the heavy elds above 1 TeV or so, the e ective theory is the ordinary 
(tw o-H iggs-doublets) topcolor m odel w ith the weak scale gauginos, H iggsinos and the rst 


two generation squarks w ith degeneracy. 


T his paper is organized as follow s. A fter a brief review ofthe topcolorm odelin the next 


section. T he supersym m etric extension of the topcolorm odelw ihin the fram ework ofthe 


GM SB is described i Sec. . Sum m ary and discussions are presented in Sec. V. 


II.BR IEF REVIEW OF THE TOPCOLOR MODEL 


In this paper, we consider the topcolor m odelwhich, at the scale about (1 10) TeV, 
has interactions [gi SU (3), SUGP) UG), Ud), SU). The fem ins are assigned 


(SU 3),, SU (32,U (Dy, , U (02y,) quantum numbers as follow s, 


(tb) (3 ;1 = 10);  (t;b)r yl I ; 2) 70) ; 
3 3 
( 7 hb (1;1; 1;0); n (01;1; 2;0); 
u jd) ; (C;S)r EPT (u ;d)a 7 (C;S)n 535056; ae 
3 3 
( ;) d= e; ) (l;l1;0; 1); d  (0;1;0; 2): (1) 
The topcolr symmetry breaks spontaneously to SU 3 SU GB) ! SU @B)gcp and 


U (l), Uy, ! U @)y through an scalar ed (© 73 5 H i) which develops a vacuum 


expectation value (VEV). The SU (3, U (1), are assum ed to be strong which make the 


fom ation of a top quark condensate but disallow the bottom quark condensate. T he bot 
tom quark mainly gets its m ass due to the SU (3), instanton e ect. The leton does not 


condensate. 


III. SUPERSYMM ETRIC TOPCOLORMODEL 


Tn the supersym m etric extension, the gauge sym m etries ofthe above topcolorm odelkeep 


unchanged. The particle contents are given below . In addition to the superpartners of the 


particles described in the last section, som e elan entary H iggs super elds are introduced. T he 


breaking ofthe topcolor sym m etry needs one pairoftheH iggssuper elds ; and 5.Andthe 


EW SB requires another pair of the H iggs super elds H , and H 4, like in the ordinary super- 


sym m etric SM .Theirquantum numbersundertheSU (3) SU G} Uüy, Uüy, SUQ) 
are 
(3.53 : ;0) G;3 ill ;0) 
1 , , , 3 , , 2 , , 3 r3 , , 
Ha l0 L72); Hug (Ll: 0; 1 ;2) (2) 


T he m essenger sector is introduced as 


Sigs, = 0:1 519052)9 Sees 031; 15022); 
0 2 0 2 
Tye; = GL; 3 ;0;1); T,;TQ— Bel iz ;0;1); (3) 
and 
Boss Ss S2792 üo45s0r ae 
j 2 ò 2 
Tor = (1;3;0; 3 pl)? T3;T;- (1;3;0 iz l= (4) 
Com pared to Ref. H, we have introduced an extra set ofm essengers so as to m ediate the 


SUSY breaking to both SU (3, U (ly, and SU (352 


U (Ly, . Furthem ore, there are three 


gauge-singlet super elds, X ,Y and Z.Y isresponsibl forthe SUSY breaking, X is related 


to the EW SB, and Z to the topcolor sym m etry breaking. 


The superpotential is written as follow s, 


W =m,69S,+ S?S1)+ mo (PT, + TPT) + m3818) + m4TiT1 
m s (SIS, ae 8284) +m (TAT T TAT) Tt mM 99585 Tt mM AT4 T3 
4 0 0 2 
Y ( 19194, + 2l14T4 + 19295 + 2T2T2 1) 
+ 3X HuHa + aZMxr(1 2) 9 3; 6) 
where the Yukawa interactions are not written. It is required that m an ? $ On A SO 


(0 


that the tem s proportionalto m P andm, cannot 


The m odel conserves the num ber of S;-type and 


the superpotential has a discrete symmetry of (Si 


be elm inated by a hit mY. 
Type (i= 1 72) 
(0 )$ 


elds. In addition, 


(0 (0 
iTi Ii e 


(S (0 


all, 


The way of 


introducing the singlet elddsX,Y and Z more naturally was discussed in Ref. [ip where 


these kind of 


f elds are taken to be com posite. M oreover, the Fayet- 


[liopoulos D -tem s for 


the U (1) charges have been om itted. This is natural in the GM SB scenario. T he above 


discrete sym m etry and the exchange sym m etry of 


such 


D «em s at the one-loop order. 


, and 2 in the superpotential avoid 


The SUSY breaking is characterized by the tem it in Eq. B. Tt is communi 


cated to the observable sector through the gauge interactions by the messengers. The 


SU 3) Uy, SU Q are weak enough to be described in perturbation theory. Their 


gauginos acquire m asses in the onedbop order [E12], 


0 
M uu, 7 ;M mi 

? 2 
M vay, 7 z M s t rs 1); 

My = 7M si (6) 
where X = g^ =4 w ith a g? and g? being the gauge coupling constants of the 
SU G3» U(y, SUQL.Forsiplicty wetakem? m2 m? m? D? my 
m pe and 4 á 9 ; O (1). In this case, the M ; and M 4, are approxm ately 


1 2=m 1. They are about 100 TeV by choosing, say ı 16 G&V and m; 10,. For 


the SU 3), U (ly, , however, the gaugino m asses cannot be calculated by the perturbation 


m ethod, because the interactions are too strong. Nevertheless they should be at the order 


of ı ?-m, given the above param eter choice, 


M M 100 TeV : (7) 


SU (31 Udy, 


Sim ilarly, the rst two generation scalar quarks and the electroweak H iggs particles obtain 


their m asses in the two-loop order, 


N 


"2 
4 2? 3 2 d 2 
REN" sg FS 2 2 2 2 Sb 24 5 2 
"oi Mo, 3 73 D'Y sta 4 tatu. 
! ! 
à. 97* 4 90? 2 
ma Smo '-2 — 2+- — ($422); 
5 EO X34 9 4 3 
!2 15 
ome ee See onm T 
m & 3 4 9 4 3 
! 
3 2 p dU 2 
2 2 y 2 2 1 2 2). 
My, = My, 4 4 Bv a Lats 12; (8) 


where Q4 and Q2 stand for the super elds of (u ;d)i and (c;s); respectively. And (hy, hg) 


are the scalar com ponents of H ;H 4). E and E was calculated to be Zu 


= =; t=: (9) 


For the third generation squarks and the topcolor Higgs’ ; and >, the m asses are around 


(100 Tevy: (10) 


HN 


m mt m m^ =m E 


W ehave seen that for the super strong topcolor interactions, the relevant supersym m etric 


particles are super heavy 100 TeV so that they decouple at the topcolor scale. The 


topcolor physics does not change even after the supersym m etric extension. However the 


topcolorH iggs elds seem to be too heavy. 
Let 


us consider the breaking of the gauge symmetries. The SU 3); SUG) Uy, UQy, 


1 


break into the diagonal subgroups SU (3)ocp U (ly when the Higgs elis , and 2 get 


non-vanishing V EV s, 


0 1 0 1 
Bp1l00 p1l00 
B B 
hii=wB010G and hoi- v 010 (11) 
E K 8 X 
001 001 
v; and v; are detem ined by them ini um ofthe follow ing potential, 
git gP 
Vep = ja Give, D+ Sw Y +m’? vitm’ vi; (12) 


2 


where g, is the coupling constant ofthe U (1)y, . It is easy to see that in the case of , $ 


in^. s 


i 


1 
V= v= P3 E = : (13) 


To keep vı and v; to be around a few TeV, certain netuning forthe scale 3 is required 
in this m odelto cancelthe 100 TeV m ,,where the coupling , isO (1). The value of; 


ism ore natural if the topcolor scale is higher, such as 10 TeV . However, it should be noted 


that raising topcolor scale m akes the e ective topcolor theory m ore tuned. 


At the energy below the topcolor scale, the m odel is described by an e ectie theory in 


which the gauge sym m etry groups are that ofthe SM , and there are two H iggs doublets and 


three generation quarks w th four-dem ion topcolor interaction for the third generation. In 


addition, there are weak scale gauginos ofthe SM , squarksofthe rst and second generations 


and doublet H iggsinos which become massive after the EW SB. There are also topcolor 


Higgsnosof 4 and 2 after the topcolor sym m etry breaking. They typically have (1 10) 
TeV mass and are not expected to be m portant to the low energy physics. Because of 
the degeneracy between the rst two generation squarks and the decoupling of the third 


generation squarks, this m odel is free from the SUSY FCNC probkm . 


T he physics of the topcolor four-dem ion interaction and the EW SB in this model is 


essentially the sam e as that w ithout SU SY , which will not be discussed further. 


IV.SUMMARY AND DISCUSSION 


Tt has been known that the SUSY FCNC problem can be avoided if the squarks take 


them ass pattem that the rst two generations w ith the same chirality are degenerate and 
the third generation is super heavy. W e have constructed a supersym m etric topcolor m odel 


within GM SB to realize this m ass pattem. T he pattem is stable under the correction ofthe 


Yukawa interactions because they are weak and the third generation quarks obtain m asses 


dynam ically. 


T his m odel has therefore, the phenom enologies of both SU SY and topcolor. It predicts 


weak scale SUSY particles, Ike the SM gauginos, Higgsinos. It also predicts top pions. 


T hes predictions can be tested directly in the experm ents in the near future. T he indirect 


evidences of this m odel in low energy processes, such as in the B decays Ed, and the Rp 


problem of it [.4] are m ore com plicated because of the involvem ent of both the SU SY and 


the topcolor, and deserve a separate study. 


Tt should be addressed that this m odel has an inherent tuning problem . T his required 


tuning follows from the very brge masss ( 100 TeV) ofthe third generation scalars and 


the topcolor Higgs. These elds are closely related to the topcolor and the EW SB scales 


which are, how ever, lower than 100 TeV .W e have explicitly m entioned the tuning below Eq. 


("e . Another aspect of this tuning is that the naturalness ofthe EW SB requires the third 


generation scalars to be lighter than 20 TeV [d]. Note that the large m ass 100 TeV is jist 


a rough estm ate due to that we are lack of nonperturbative calculation method. On the 


other hand, ifwe adjust the SUSY breaking scale and the m essenger scale to be som ew hat 


lower than what we have chosen, this problem can be Jess severe. 


W e emphasis that it is the degeneracy of the rst two generations, rather than the 


heaviness of the third generation, that plays the essential role in solving the SUSY FCNC 


problem. In this sense, the consideration of this paper is less nontrival than the idea of 


e ective SUSY . However, if we further consider the underlying theory, the m odels w him 


realize e ective SU SY Iti s and the SU SY topoolor m odel of this paper are on an equal 


footing. 


A comm ent should be m ade on the necessity of the supersym m etric topcolor. A though 


SUSY does not necessarily need the help from topcolor, their com bination has certain ad- 


vantages. As is wellknown, SUSY keeps the weak scale, but cannot explain it. The weak 


scale m ay have a dynam ical origin [L3RQRL[L7]. In this case, it is natural to expect that 


the physics which explains the fem ion m asses is also at som e low energy. Topcolor provides 
such physics for the hierarchy between the third generation and the rst two generations. 
On the other hand, SU SY m aybe helpfulto understand the hierarchy between the rst and 
the second generation further. For instance, it is possible that the second generation quarks 


mainly get their m asses from the electroweak Higgs VEV s, and the rst generation quarks 


purely from the meutrino VEV s gi. 


Finally, it should be noted that the very heavy third generation squarks m ay pull up 


the light scalars. T his pull up occurs through tw o- or m ore-loop diagram sw ith the topcolor 


H iggs exchanges. T he heavy topcolor H iggs suppress this quantum correction. T he suppres- 


sion, how ever, m ay be not enough to keep the results of Eq. [8 from signi cant changing 


num erically. The netuning problm which was discussed above re-appears here. In fact, 
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the drawback of the SUSY and topcolor combination is that the SU SY breaking scale and 
the topoolor scale are irrelevant. Itm ight be hopeful to think of certain dynam ics to m ake 
relation between them . For example, it is possible that the topcolr H iggs super elds are 


also the SUSY breaking messengers. T his possibility will sm plify the model and reduce 


the netuning. It is reasonable to say that the supersym m etric topcolor is an interesting 


scenario which is worthy to be studied further. 
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